ABSTRACT
Introduction
The purpose function of the biosensor transducers is exactly, rapid and stable measuring of the concentration of different substrates. When carrying out this task the biosensor transducers take part in different processes, which are complex enough so the diagnostics of this kind of devices is difficult to be made.
According to their principle of operation the biosensor transducers are objects of continuous diagnostics. They are mathematically defined through a system of nonlinear differential equations from second order. The classical diagnostic approach consists in forming a system from n equations with m unknowns and their subsequent solving with finding the value of each parameter. This approach could not lead to serious success because the unknown parameters are between 18 and 25.
Specifying the biosensors' state can be made by means of global diagnostics. For this purpose the exact solutions of the differential equations have to be found and the field of the diagnostics has to be defined. This can be made in the plane determined by Tile's module and the measured concentration of the substrate. "Identifying" of the different sensors can be assured through its sensitivity.
Theoretical Treatment
In order to assure clearness we accepted the following model of the biosensor system presentation:
Each model consists of s operating substrates with concentration S, е reaction enzymes with concentration Е, v active volumes with dimension V and х spreading directions of the reagents diffusion.
The task formulation for the one enzyme biosensor system is shown on Fig. 1 . It includes an electrode which is selective to the electro-active component, enzyme membrane with thickness "l" and dialysis membrane with thickness"d".
The measured substrate concentration is [S 0 ], and the attending substrate concentration is [С 0 ]. Both -substrate and co-substrate are available in the studied solution. Concentration profiles -S(x) and C(x) are formed in the membrane set by the substrate and co-substrate diffusion to the electrode surface in direction reverse to the current coordinate of the distance δ (respectively x). The substrate reacts with the enzyme and a product with concentration profile Р (х) is obtained. Each membrane has its own diffusion factor in relation to the substrate, co substrate and the product.
First we made the assumption that the following condition was realized: Dsd = Dsl = Ds, Dcd = Dcl = Dc, Dpd = Dpl = Dp (1.1) Where Ds, Dc and Dp are factors. We also accepted that there was only a process of diffusion in the dialysis membrane where the first Fick's law for the frontal diffusion was in force i.e.:
The behaviour of the biosensor system in the presence of diffusion and enzyme reaction in the active layer is described through the following system of equations:
The following non-dimensional coordinates and variables are introduced:
As well as the non-dimensional parameters: λ = Ds/Dp , μ = Ds/Dc, ρ = Ks/Kc, Ф=(Vm/Ks)/(I 2 /Ds) (1.5)
The diagnostics of the biosensor system depends on the enzyme kinetics and the equation of the enzyme reaction ϑ(S,C), as well as on the basic transducer. We can distinguish three kinds of kinetics:
• Kinetics from first order:
• Two-substrate ping-pong kinetics:
The initial current of the biosensor system normally is recorded in dimensional quantities and for the product -and co substrate-sensitive system it is as follows: ], [ ) (
Where the factor К= nFADs/L characterizes the biosensor system sensitivity.
We have ramp function of the transformation.
Model 2 S>>1(reaction from zero order).
This case occurs when the concentrations of the substrate are high and is described (1.12) The difference is in the equation of the initial current:
which includes the fixed value Ic* corresponding to a long aeration and saturation of the medium with oxygen from the air. Ic* is measured before the experiment by means of substrate injection and corresponds to the following equation:
Digital simulation of a biosensor system in the three-dimensional space -Ip [So,
The simulations are made in the linear area of the scale with 12 different models of biosensor systems. We received the sensitivity depending on the Tile's module Ф 2 and on the concentration So of the measured substrate. The curves represent three different measurement ranges as follows: І case: So from 0 to 0.1 mМ ІІ case: So from0 to 1 mМ ІІІ case: So from0 to 10 mМ І. Measurement range So from 0 to 0.1 mМ; Ф 2 Simulations with different Tile's modules by means of the program product MATLAB were made. The received curves in the three-dimensional space are shown on Fig. 1.3a to Fig. 1.3d . The analysis shows that in this measurement range the optimum sensitivity is obtained when Tile's module is: Ф 2 = 10. The family of the calibration curves with different numbers of information points is constructed. We can see from the curves that the range increases proportionally to the module. The max sensitivity is 0.55мМ and is shown in Fig. 1.3 1.4a to Fig. 1.4d . The analysis shows that in this measurement range the optimum sensitivity is obtained when Tile's module is: Ф 2 = 10. The family of the calibration curves with different numbers of information points is constructed. We can see from the curves that the range increases proportionally to the module, only for the very high values of Ф 2 , the sensitivity begins to decrease. The max sensitivity is 0.55мМ and is shown on Fig. 1.4 c. 
ІІІ. Measurement range So from 0 to 10 mМ;
The so carried out simulations lead to the following analysis and conclusions: the optimum sensibility is obtained for a large measurement range -So up to 10 мМ and Tile's module up to 10. It is seen from the received curves that the range increases proportionally to the module. The calibration curves with different number of information points are shown on Fig. 1.5 a), b) , c) and d). The sensitivity of every biosensor is obtained depending on So and Ф 2 . The max sensitivity is 4мМ and is shown on Fig. 1.5 c. The sensitivity begins to decrease when the values of Ф 2 become very high - Fig. 1.5 a), b), c), d ).
Conclusions
We can do the following conclusions:
1.The so carried out simulations in the plane determined from the Tile's module and the measured substrate concentration provide a possibility for obtaining the sensitivity of each sensor depending on the defined diagnostic parameters.
2. The "identifying" of each sensor is assured according to its sensitivity.
3. The curves show that the max sensitivity have the biosensors in the parametric plane So(0-10); Ф 2 (0-10).
